A exact de Sitter-like cosmological solution of quadratic gravitation with torsion has been found.
important role and the Lagrangian includes some quadratic terms of torsion and curvature. In some models even the vacuum possesses torsion. As an alternative gravitational theory quadratic gravity without torsion has been introduced in both classical and quantum gravity for many years, a recent important development is in critical gravity [6] . In the gauge approach to gravity torsion is just as geometrical an entity as curvature.
Therefore a naive quadratic theory of gravity should include torsion naturally [7] . Furthermore, if we employ a de Sitter gauge approach to gravity instead of the Poincare one we can obtain a rather simple Lagrangian including torsion and a cosmological term automatically appearing [8, 9] :
where e is the determinant of the co-tetrad e I µ , and l denotes the so called de Sitter length. In four dimensional spacetime the Gauss-Bonnet term √ −g R µνλτ R µνλτ − 4R µν R µν + R 2 is purely topological and then the Lagrangian can be taken as
For the sake of simplicity we can let γ = 0, then we have a more simple Lagrangian
In contrast to the ordinary quadratic gravity [6, 10] , here the field variables consist of the tetrad e I µ and the spin connection Γ IJ µ , the spacetime is characterized by curvature as well as torsion.
Taking into account the above considerations, the purpose of this paper is to explore the cosmological effects of torsion in quadratic gravity. We will obtain a exact solution which describes the accelerating expansion of a spatial flat universe. The spacetime described by this solution is de Sitter-like, its structure and evolution depend on distribution and motion of matter. In the limit of constant ρ and p, it becomes a exact de Sitter spacetime. This solution indicates that in vacuum the torsion vanishes. When matter is present, however, the torsion does no vanish, which mean that the energy generates not only curvature but also torsion. It is interesting to observe that these conclusions are independent of the choice of α and β, and then are very important properties shared by a wide class of quadratic gravity theories described by the Lagrangian (3). It is the cosmological constant Λ that make spacetime de Sitter(-like) in both vacuum and matter. However, whereas in general relativity and Poincare gauge theory the cosmological constant is a free parameter, in de Sitter approach it is a intrinsic property of the spacetime and can be determined in terms of other quantities [11] .
The variational principle yields the field equations for the tetrad e I µ and the spin connection Γ IJ µ :
where E I µ and s IJ µ are energy-momentum and spin tensors of the matter source, respectively.. We use the Greek alphabet (µ, ν, ρ, ... = 0, 1, 2, 3) to denote indices related to spacetime, and the Latin alphabet (I, J, K, ... = 0, 1, 2, 3) to denote algebraic indices, which are raised and lowered with the Minkowski
). That may be, these field equations are rather complicated. They really look nothing like the familiar, well-analyzed equations of GR. To help understand the significance of these equations, and to use our previous experience, we will do a translation of (4, 5) into a certain effective Riemannian form-transcribing from quantities expressed in terms of the tetrad e I µ and spin connection Γ IJ µ into the ones expressed in terms of the metric g µν and torsion T λ µν (or contortion K λ µν ). The affine connection Γ λ µν is related to e I µ and Γ J Iµ by
where µ λ ν , K λ µν are the Christoffel symbol and the contortion, separately, with
Accordingly the curvature can be represented as
where
µ is the curvature of the Christoffel symbol.
We shall focus on cosmology in our subsequent discussion. For the space flat Friedmann-RobertsonWalker metric
we have 0 0
The non-vanishing torsion components with holonomic indices are given by two functions h and f [12] :
and then the non-vanishing contortion components are
The non-vanishing components of the Ricci curvature R {}µν are
where H = · a (t) /a (t) is the Hubble parameter. Using these results and supposing the matter source is a fluid characterized by the density ρ the pressure p and the spin s IJ µ we obtain four independent equations from (4) and (5):
The equations (15) and (16) 
and
The time derivative of (19) gives or
So we have two cases:
the equations (20) and (22) read, respectively
They are two algebraic equations of H and h and have the solutions
The equations (27) and (28) imply that the spacetime is de Sitter-like, its structure and evolution are determined by ρ and p i.e. the distribution and motion of matter. In the limit of constant ρ and p, it becomes a exact de Sitter spacetime. In addition to H, the scalar mode h of torsion also depends on ρ and p, which means that the energy-momentum of matter generates not only curvature but also torsion of the spacetime. The above solutions are, up to our knowledge, new and may have some interest for cosmology and astronomy.
2) Following from (24), we have
Substituting it into (20) gives
Differentiating (30) with respect to time and using (19) we obtain
Using these results the equation (22) becomes
Therefore, there is no definite solution in this case.
In vacuum
(27), (28), and (29) give
Let us consider a de Sitter spacetime with l = l P , where l P is the Planck length, for which the corresponding cosmological term is
We obtain
which agrees with the result predicted by the quantum gravity approach of de Sitter relativity [11] . Using the value H = H 0 = 75(Km/s)/M pc, the cosmological constant is found to be
which is of the order of magnitude of the observed value [13] . It is worth notice that the solutions (32) and (33) are independent of the choice of α and β. In other wards, they are the same in all the theories described by the Lagrangian with arbitrary values of α and β.
The solutions (32) and (33) mean that vacuum is a de Sitter spacetime without torsion, whereas the solutions (27) and (28) indicate that when matter presents, torsion does not vanish. It is the energy ρ and the pressure p of matter that generate torsion.
In this letter, we have studied the cosmology of a class of quadratic gravity with torsion described by the Lagrangian (3). We have derived the basic equations (15-18) and obtained a exact solution (27) and (28).
This solution can be used to explain the observed acceleration of the cosmological expansion and indicate the macroscopic origin of torsion.
Our results motivate further work. For example, it would be interesting to address the question of how torsion influence the motion of a particle in gravitational field on both the theoretical and experimental sides.
